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(54) COMMUNICATION SYSTEM BETWEEN ROAD AND VEHICLE 

(57) Road transmission antennas (4a, 4b) are dis- 
posed along a road, each radiating a single cell (E) with 
electromagnetic waves at the same frequency and of 
the same content. A vehicle mounted device (3) receiv- 
ing the waves from the road transmission antennas (4a, 
4b) performs antenna pattern diversity reception. When 
entering a wave blocking area of a large vehicle, a small 
vehicle is provided with seamless communications with 
a stationary station. 
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Description 

Field of the Invention 

[0001] The present invention is generally related to 5 
a roadway communication system wherein a plurality of 
road antennas are disposed along a road in a manner to 
define cells on the road, thereby providing mobile com- 
munications between a stationary station and a mobile 
station. w 

BACKGROUND OF THE INVENTION 



vide a roadway communication system accomplish- 
ing seamless communications between the 
stationary station and the mobile station. 
(B) The installation of the road antennas generally 
entails inter-carrier interference or inter-symbol 
interference associated with the occurrence of 
delayed multipath waves, causative factors of which 
are structures nearthe road or plural vehicles in the 
cell which reflect the waves. When the inter-symbol 
interference occurs, a bit error rate is not improved 
even if the waves are received at high reception lev- 
els. This leads to a so-called floor error. 



[0002] Demand for communications between the 
road administration and ground vehicles tends to grow 15 
even more in the future. Particularly, drivers on high- 
ways need frequent information exchanges between the 
stationary station and the mobile stations in order to 
drive under less load and to prevent accidents. A devel- 
oped form of such a system is exemplified by an auto- 20 
matic driving system with extensive provision of various 
sensors and cameras on both the road and vehicle for 
close communications between the stationary station 
and vehicle (see, for example, Japanese Unexamined 
Patent Publication No.8-241 495(1 996). 25 
[0003] The consideration of future expansion of the 
automatic driving system dictates the need to construct 
a driver support system (hereinafter referred to as 
"roadway communication system") based on the com- 
munications with vehicles. Preparatory to the construe- 30 
tion of such a system, communication areas (cells) must 
be provided over the roads. 

[0004] It may be contemplated to lay leakage coax- 
ial cables along the roads, which involves a large scale 
cable-laying work. Besides, the leakage coaxial cables 35 
need be embedded at a relatively great depth in the 
roads and hence, the wave energy presents a disadvan- 
tageous^ small range with respect to a transverse 
direction of the lane. 

[0005] In contrast, as shown in Fig. 28, a system 40 
with road antennas 120 disposed at given space inter- 
vals along the road for communications permits one 
road antenna 120 to define a relatively broad cell 121. In 
this case, the road antennas are each connected to a 
respective control station of the road administration via 45 
an optical fiber, coaxial cable or the like. 

(A) In a case where the road antennas are dis- 
posed, a large vehicle approaching a small vehicle 
may sometimes cut in a line of sight of the small so 
vehicle. Fig.29 illustrates a particular state where 
the small vehicle is in a wave blocking area of the 
large vehicle. The microwaves and millimeter 
waves at high frequencies have small diffraction 
angles and hence, are prone to be blocked. This 55 
results in a breakdown of roadway communica- 
tions. 

It is therefore, an object of the invention to pro- 



[0006] In the mobile communication system based 
on a single carrier, a receiver is generally equipped with 
an equalizer having inverse characteristics of those of a 
transmission line thereby to eliminate the effect of the 
inter-symbol interference associated with the delayed 
multipath waves. 

[0007] Unfortunately, the automobile travels 
through the cell at such high speeds that the radio fre- 
quency energy field presents too sharp fluctuations per 
unit time for the equalizer to cope with the calculations. 
Thus, it is impossible to transmit signals at less than a 
given transmission error rate. Additionally, a large-scale 
hardware is required for implementing the equalizer, 
which results in great power consumption. 
[0008] On this account, the invention has an object 
to provide a roadway communication system capable of 
preventing the inter-carrier interference and inter-sym- 
bol interference for accomplishing stable communica- 
tions between the stationary station and the mobile 
station. 

DISCLOSURE OF THE INVENTION 
[0009] 

(1 ) A roadway communication system according to 
the invention for achieving the above object has an 
arrangement wherein a plurality of road transmis- 
sion antennas are disposed at different places 
along a road, each radiating the same cell with 
electromagnetic waves carried at the same fre- 
quency and containing the same content, and 
wherein a vehicle mounted device receiving the 
waves from the road transmission antennas per- 
forms antenna pattern diversity reception (Claim 1 ). 

According to the invention, the plural road 
transmission antennas radiate the waves based on 
signals modulated with data of the same content. In 
this case, the road transmission antennas each 
have a specific directivity (including no n -directivity) 
and therefore, the waves from the road transmis- 
sion antennas are incident on the vehicle along dif- 
ferent directions. Accordingly, when an incoming 
wave in one direction of the vehicle is blocked by a 
large vehicle, the wave incident on the vehicle in 
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another direction becomes relatively higher in 
reception level than the blocked wave. Hence, the 
vehicle reception antennas performing the diversity 
reception can provide communications between the 
road transmission antennas and the vehicle 5 
mounted device even when one of the waves is 
blocked. 

Within the same cell, seamless communica- 
tions are ensured between the stationary station 
and the vehicle because the radiation to the vehicle 10 
is provided in plural different directions. This per- 
mits every vehicle to receive road traffic information 
seamlessly and hence, the inventive roadway com- 
munication system is best-suited to the automatic 
driving system, as well. 15 

The diversity reception may be performed 
based on the reception level of each directive wave 
received by the vehicle reception antenna (Claim 
2). 

The reception level of a wave received by the 20 
vehicle reception antenna normally increases in 
value as the vehicle approaches a road transmis- 
sion antenna radiating the wave. In a case where a 
wave to be received at the highest reception level is 
blocked by the large vehicle cutting in the transmis- 25 
sion path thereof, for example, a reception level of 
another wave from a different road transmission 
antenna may become relatively higher than that of 
the former wave. In consideration of this event, an 
arrangement may be made such that the reception 30 
levels of the waves received by the vehicle recep- 
tion antennas are directly detected and the directiv- 
ity of wave to be received is switched. Thus are 
attained more preferable communications. 

The diversity reception may be accomplished 35 
by either of the following operations: (a) an opera- 
tion of switching or combining the signals which 
were received by the vehicle reception antennas 
and are to be decoded; and (b) an operation of 
switching or combining the codes which were 40 
received by the vehicle reception antennas and 
then decoded (Claim 3). 

The vehicle reception antennas may be an 
array antenna, whereas the vehicle mounted device 
may further comprise reception-signal detection 45 
means for detecting a reception level or phase of 
the wave received by each of the vehicle reception 
antennas, so that the diversity reception means 
may perform the diversity reception using informa- 
tion on the reception level or phase detected by the so 
reception-signal detection means (Claim 4). 

This configuration assumes a case where the 
array antenna or adaptive array antenna is applied 
to the vehicle reception antennas. The phase con- 
trol of the antenna provides a desired directivity. 55 

If an optical fiber radio signal transmission sys- 
tem is used as a transmission system for supplying 
the signals to the transmission antennas (Claim 5), 



no need exists for each road transmission antenna 
to have a signal transmission unit with a frequency 
converter. This results in a simplified configuration 
of the road transmission antenna. 

Orthogonal Frequency Division Multiplex 
(OFDM) modulation technique in which a guard 
time is provided at each symbol may be used as a 
data modulation technique (Claim 6). OFDM sys- 
tem resisting multipath effect is preferably applied 
to the inventive arrangement wherein the waves 
incident in different directions are received. Particu- 
larly, the provision of the guard time at each symbol 
is effective to obviate the inter-symbol interference 
associated with delay in the multipath transmission. 

The signal transmission from the plural road 
transmission antennas to the same cell involves 
fear that a fractional difference in carrier frequency 
may occur between the transmission stations. It is 
known that OFDM is more susceptible to the degra- 
dation of transmission quality than other transmis- 
sion systems. The optical fiber radio signal 
transmission system provides a highly effective and 
economical solution to this problem, ensuring that 
the carrier frequencies from the stations are com- 
pletely matched. 

According to the invention for achieving the 
above object, a roadway communication system 
comprises a plurality of road reception antennas for 
receiving electromagnetic waves radiated from a 
vehicle mounted device in different directions, the 
plural road reception antennas being disposed in a 
manner to provide directivity to the same cell and 
adapted to perform diversity reception based on the 
signals received the road reception antennas 
(Claim 7). 

In the roadway communication system, the 
vehicle radiates the waves in different directions 
thereby providing data to the stationary station. The 
plural road reception antennas are so disposed as 
to provide directivity to the same cell while the site 
diversity reception is performed using the signals 
received by the respective road transmission anten- 
nas. As a result, the stationary station can positively 
receive the waves despite the multipath effect on 
the respective radio frequency energy fields of the 
road reception antennas. 

The diversity reception may be performed 
based on the reception level of the wave received 
by the road reception antenna (Claim 8). 

In a case where a wave to be received at the 
highest reception level is blocked by the large vehi- 
cle cutting in the transmission path thereof, for 
example, a reception level of another wave from a 
different road transmission antenna may become 
relatively higher than that of the former wave. In 
consideration of this event, an arrangement may be 
made such that the reception levels of the waves 
received by the road reception antennas are 
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detected and the reception antenna to receive the 
wave is changed. Thus are attained more prefera- 
ble communications. 

The diversity reception may be accomplished 
by either of the following operations: (a) an opera- 5 
tion of switching or combining the signals which 
were received by the road reception antennas and 
are to be decoded; and (b) an operation of switch- 
ing or combining the codes which were received by 
the road reception antennas and then decoded 10 
(Claim 9). 

If an optical fiber radio signal transmission sys- 
tem is used as a transmission system for receiving 
the signals from the road reception antennas 
(Claim 10), no need exists for each road reception 15 
antenna to include a signal transmission unit with a 
frequency converter. This results in a simplified 
configuration of the road reception antenna. 

Orthogonal Frequency Division Multiplex 
(OFDM) modulation technique may be used as a 20 
data modulation technique (Claim 1 1). OFDM sys- 
tem resisting multipath effect is preferably applied 
to the inventive arrangement wherein the waves 
from the vehicle on road are received in an environ- 
ment having high incidences of wave blocking by 25 
other vehicles and wave reflections on surrounding 
structures. Particularly, the provision of the guard 
time at each symbol is effective to obviate the inter- 
symbol interference associated with delay in the 
multipath transmission. 30 
(2) A roadway communication system according to 
the invention for achieving the above object has an 
arrangement wherein a plurality of road transmis- 
sion antennas are disposed at different places 
along a road and each radiate the same cell with 35 
waves carried at the same frequency and contain- 
ing the same content, wherein a position marker is 
disposed at or near the road for indicating a position 
on the road at which reception levels of the waves 
radiated from the plural road transmission antennas 40 
are switched, and wherein a vehicle mounted 
device receiving the waves radiated from the road 
transmission antennas via vehicle reception anten- 
nas performs any one of the following operations in 
response to detection of the position marker at or 45 
near the road, the operations including switching of 
directivities of the vehicle reception antennas, and 
switching or combining the received signals (Claim 
12). 

In the roadway communication system, the so 
position marker is disposed at place on the road or 
the like for indicating the position on the road at 
which the maximum reception levels are switched. 
In response to the detection of arrival of the vehicle 
at the position marker, the directivities of the vehicle 55 
reception antennas are switched, or the received 
signals are switched or combined. Accordingly, the 
processings become simpler than where the levels 



of the received signals are detected and compared. 

It is noted that "switching the directivities of the 
vehicle reception antennas using phase control" 
means reception phase control for directivity 
change when an array antenna is used as the vehi- 
cle reception antennas. 

(3) A roadway communication system according to 
the invention for achieving the above object has an 
arrangement wherein a plurality of road transmis- 
sion antennas are disposed at different places 
along a road, each having a specific polarization 
characteristic and radiating the same cell with 
waves carried at the same frequency and contain- 
ing the same content, and wherein a vehicle 
mounted device receiving the waves from the road 
transmission antennas performs polarization diver- 
sity reception (Claim 13). 

According to the invention, the plural road 
transmission antennas radiate different polarization 
waves based on signals modulated with data of the 
same content. In this case, the differently polarized 
waves have different propagation characteristics 
and hence, are generally received by the vehicle on 
road at different field strengths. Therefore, if a wave 
of one polarization characteristic is blocked by the 
large vehicle, the vehicle mounted device is allowed 
to receive a wave of the other polarization charac- 
teristic. By switching the polarization characteristics 
of the vehicle reception antennas, the seamless 
communications between the road transmission 
antennas and the vehicle mounted device are 
ensured even if the wave incoming from one side is 
blocked. 

The vehicle mounted device may detect recep- 
tion levels of the waves received by the vehicle 
reception antennas on a polarization-characteristic 
basis so as to perform the diversity reception based 
on the reception level thus detected (Claim 14). 

The reception level of the wave received by the 
vehicle reception antenna normally increases in 
value as the vehicle approaches the road transmis- 
sion antenna radiating the wave. In a case where a 
wave to be received at the highest reception level is 
blocked by the large vehicle cutting in the transmis- 
sion path thereof, for example, a reception level of 
another wave from a different road transmission 
antenna may become relatively higher than that of 
the former wave. 

In consideration of this event, an arrangement 
may be made such that the reception levels of the 
waves received by the vehicle reception antennas 
are directly detected and the reception polarization 
characteristic is changed. Thus are attained more 
preferable communications. 

The diversity reception may be accomplished 
by either of the following operations: an operation of 
switching or combining the signals which were 
received by the vehicle reception antennas and are 
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to be decoded; and an operation of switching or 
combining the codes which were received by the 
vehicle reception antennas and then decoded 
(Claim 15). 

The vehicle reception antennas may be a 5 
polarization array antenna, whereas the vehicle 
mounted device may further comprise reception - 
signal detection means for detecting a reception 
level or phase of the wave received by each of the 
vehicle reception antennas, so that the diversity w 
reception means may perform the diversity recep- 
tion using information on the reception level or 
phase detected by the reception-signal detection 
means (Claim 16). 

This arrangement assumes a case where the is 
array antenna or adaptive array antenna is applied 
to the vehicle reception antennas. The phase con- 
trol of the antenna provides reception of a desired 
polarization wave. 

The roadway communication system may fur- 20 
ther comprise a signal transmission unit for trans- 
mitting signals modulated with data of the same 
content to the road transmission antennas via a plu- 
rality of transmission lines, and may use an optical 
fiber radio signal transmission system as a trans- 25 
mission system for outputting the signals to the plu- 
ral transmission lines (Claim 17). According to the 
invention, the signal transmission unit supplies 
radio frequency signals to the road transmission 
antennas through the optical fibers and therefore, 30 
no need exists for each road transmission antenna 
to have a signal transmission unit with a frequency 
converter. This results in a simplified configuration 
of the road transmission antenna. Orthogonal Fre- 
quency Division Multiplex (OFDM) technique in 35 
which a guard time is provided at each symbol may 
be used as a data modulation technique (Ciaim 1 8). 
OFDM system resisting multipath effect is prefera- 
bly applied to the inventive arrangement wherein 
the waves incident in different directions are 40 
received. Particularly, the provision of the guard 
time at each symbol is effective to obviate the inter- 
symbol interference associated with delay in the 
multipath transmission. 

The signal transmission from the plural road 45 
transmission antennas to the same cell involves 
fear that a fractional difference in carrier frequency 
may occur between the transmission stations. It is 
known that OFDM is more susceptible to the degra- 
dation of transmission quality than other transmis- so 
sion systems. The optical fiber radio signal 
transmission system provides a highly effective and 
economical solution to this problem, ensuring that 
the carrier frequencies from the stations are com- 
pletely matched. 55 

A roadway communication system according to 
the invention for achieving the above object com- 
prises a plurality of road reception antennas for 



receiving differently polarized waves from the vehi- 
cle mounted device, and has an arrangement 
wherein the plural road reception antennas each 
have a specific polarization characteristic and are 
so disposed as to provide directivity to the same 
cell, each performing diversity reception based on 
the signals received by the road reception anten- 
nas(Claim 19). 

According to the invention, the vehicle supplies 
vehicle data to the stationary station. The vehicle 
mounted device radiates waves of different polari- 
zation characteristics via the vehicle transmission 
antennas. As a result, these waves are received by 
the road reception antennas. The waves of the dif- 
ferent polarization characteristics have different 
propagation characteristics. Therefore, even if a 
wave of one polarization characteristic is blocked by 
the large vehicle, the road reception antenna is 
allowed to receive a wave of the other polarization 
characteristic. Thus is ensured the seamless com- 
munications between the vehicle mounted device 
and the road reception antenna. 

The roadway communication system may fur- 
ther comprise reception-level detection means for 
detecting reception levels of the plural road recep- 
tion antennas on a polarization-characteristic basis, 
and the diversity reception means may perform the 
diversity reception based on the reception level 
detected by the reception -level detection means 
(Claim 20). In a case where the large vehicle moves 
toward a road transmission antenna to receive the 
polarized waves from the vehicle mounted device at 
the maximum reception level thereby to block the 
polarized waves, for example, a reception level of 
another road reception antenna at a different loca- 
tion may become relatively higher than that of the 
former reception antenna. In consideration of this 
event, an arrangement may be made such that the 
reception levels of the waves received by the road 
reception antennas are detected and the reception 
antenna to receive the wave is changed. Thus are 
attained more preferable communications. 

The diversity reception means may perform 
either of the following operations for diversity recep- 
tion: an operation of switching or combining the sig- 
nals received by the road reception antennas; and 
an operation of switching or combining the codes 
which were received by the road reception anten- 
nas and then decoded (Claim 21). 

The roadway communication system may fur- 
ther comprise a signal reception unit for receiving, 
via transmission lines, the signals received by the 
road reception antennas, and may use an optical 
fiber radio signal transmission system as a trans- 
mission system for outputting the signals to the 
transmission lines (Claim 22). According to the 
inventive arrangement, the signals received by the 
road reception antennas may be outputted to the 
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transmission lines as at high frequencies. A signal 
selection unit may readily compare the received 
signals at high frequencies. This results in a simpli- 
fied configuration of the road reception antenna and 
signal selection unit. 5 

The vehicle mounted device may use Orthogo- 
nal Frequency Division Multiplex (OFDM) modula- 
tion technique, as a data modulation technique, in 
which a guard time is provided at each symbol 
(Claim 23). io 

OFDM system resisting multipath effect is pref- 
erably applied to the inventive arrangement wherein 
the waves from the vehicle on road are received in 
an environment having high incidences of wave 
blocking by other vehicles and wave reflections on is 
surrounding structures. Particularly, the provision of 
the guard time at each symbol is effective to obviate 
the inter-symbol interference associated with delay 
in the multipath transmission. 

(4) A roadway communication system according to 20 
the invention for achieving the above object has an 
arrangement wherein a plurality of road transmis- 
sion antennas are disposed at different places 
along a road, each antenna having a specific polar- 
ization characteristic and radiating the same cell 25 
with the waves carried at the same frequency and 
containing the same content, wherein a position 
marker is disposed at or near the road for indicating 
a position on the road at which reception levels of 
the waves from the road transmission antennas are 30 
switched, and wherein a vehicle mounted device 
comprises vehicle reception antennas having differ- 
ent polarization characteristics for receiving the 
waves radiated from the road transmission anten- 
nas, and marker detection means for detecting an 35 
arrival of the vehicle at the position marker, and per- 
forms any one of the following operations in 
response to the marker detection means detecting 
the arrival of the vehicle at the position marker, the 
operations including the switching of the polariza- 40 
tion characteristics of the vehicle .sception anten- 
nas, the switching of the received signals or codes, 
or the combining of the received signals or 
codes(Claim 24). 

In the roadway communication system, the 45 
road marker is disposed at place, such as on the 
road, for indicating the position on the road at which 
the maximum reception levels are switched. In 
response to the detection of arrival of the vehicle at 
the position marker, the polarization characteristic so 
of the vehicle reception antenna is changed. 
Accordingly, the processings become simpler than 
where the levels of the received signals are 
detected and compared. 

It is noted that "switching the polarization char- ss 
acteristics of the vehicle reception antennas using 
phase control" means reception phase control for 
polarization-characteristic change when an array 



antenna is used as the vehicle reception antennas. 
(5) A roadway communication system according to 
the invention for achieving the above object has an 
arrangement wherein a plurality of road transmis- 
sion antennas are disposed at different places 
along a road and each radiate the same cell with 
OFDM-modulated waves containing the same con- 
tent, and wherein a vehicle mounted device 
receives the waves radiated from the road transmis- 
sion antennas and demodulates the received 
waves (Claim 25). 

In the roadway communication system, the plu- 
ral road transmission antennas radiate the waves 
based on signals OFDM-modulated with data of the 
same content. In this case, the waves from the road 
transmission antennas are incident on the vehicle 
on road along different directions. Therefore, when 
a wave incoming in one direction is blocked by the 
large vehicle, the vehicle mounted device is allowed 
to receive a wave incident thereon in another direc- 
tion, the reception level of which becomes relatively 
higher than the former wave. This ensures the 
seamless communications between the road trans- 
mission antennas and the vehicle mounted device. 

OFDM system resisting multipath effect is pref- 
erably applied to the inventive arrangement wherein 
the waves from the vehicle on the road are received 
in an environment having high incidences of wave 
blocking by other vehicles and wave reflections on 
surrounding structures. As a result, the communi- 
cation quality is not degraded. 

The roadway communication system of the 
invention may further comprise a signal transmis- 
sion unit for transmitting signals modulated with 
data of the same content via a plurality of transmis- 
sion lines to the road transmission antennas, and 
may use an optical fiber radio signal transmission 
system as a transmission system for outputting the 
signals to the transmission lines (Claim 26). 

In the inventive arrangement, the signal trans- 
mission unit supplies the radio frequency signals to 
the road transmission antennas via the optical fib- 
ers and therefore, no need exists for each road 
transmission antenna to have a signal transmission 
unit with a frequency converter. This results in a 
simplified configuration of the road transmission 
antenna. 

It is preferred that Orthogonal Frequency Divi- 
sion Multiplex (OFDM) modulation technique in 
which a guard time is provided at each symbol is 
used as a data modulation technique (Claim 27). 
The provision of the guard time at each symbol is 
effective to obviate the inter-symbol interference 
associated with delay in the multipath transmission. 

A roadway communication system according to 
the invention for achieving the above object has an 
arrangement wherein a vehicle mounted device 
radiates OFDM-modulated waves via a vehicle 
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transmission antenna, and wherein the plural road 
reception antennas are disposed at different places 
along a road as providing directivity to the same cell 
and each perform demodulation using signals 
received by the road reception antenna (Claim 28). 5 

According to the invention, the vehicle supplies 
the vehicle data to the stationary station. In this 
case, the vehicle mounted device radiates the 
waves via the vehicle transmission antenna while 
the reception levels of the road reception antennas 10 
are affected by the multipath transmission. The 
invention employs the plural road reception anten- 
nas and OFDM system resisting multipath effect, 
thereby ensuring positive wave reception on the 
stationary station side and error-free data recovery. 15 

In the roadway communication system, the 
road reception antennas may use an optical fiber 
radio signal transmission system for outputting the 
received signals to transmission lines to the road 
reception means (Claim 29). According to the 20 
inventive arrangement, the road transmission 
antennas supply the radio frequency signals to the 
road reception means via the optical fibers and 
therefore, no need exists for each road reception 
antenna to have a signal transmission unit with a 25 
frequency converter. This results in a simplified 
configuration of the road reception antenna. 

The vehicle mounted device may use OFDM 
modulation technique, as a data modulation tech- 
nique, in which a guard time is provided at each 30 
symbol (Claim 30). The provision of the guard time 
at each symbol is effective to obviate the inter-sym- 
bol interference associated with delay in the multip- 
ath transmission. 

(6) The roadway communication system according 35 
to the invention for achieving the above object has 
an arrangement wherein the plural road transmis- 
sion antennas each define an individual one of plu- 
ral sub-areas which are constituting a single cell 
(Claim 31). 40 

According to the invention, the waves modu- 
lated with road traffic data of the same content are 
individually incident on the respective sub-areas so 
that the incoming direction of the wave changes 
each time the vehicle transfers to the next sub-area. 45 
Accordingly, if the wave is blocked in one area, the 
vehicle moving to the next sub-area is allowed to 
receive the wave. This prevents the occurrence of a 
communication breakdown between the vehicle 
and the stationary station, ensuring the seamless so 
communications. 

Since the sub-area defined by each road trans- 
mission antenna is one fraction of a single cell, the 
road transmission antenna requires a small trans- 
mission power. This results in reduced cost for the 55 
road antennas. 

In the case where the sub-areas are defined, 
as well, the waves of the same frequency are simul- 



taneously incident on the vehicle mounted device 
along different directions. Accordingly, it is preferred 
for the vehicle mounted device to select the wave of 
the maximum reception level in order to avoid the 
fading effect. 

(7) The roadway communication system according 
to the invention for achieving the above object has 
an arrangement wherein communications are car- 
ried out over a plurality of continuous cells, using 
signals at the same frequency and of the same con- 
tent (Claim 32). 

This arrangement provides the vehicle 
mounted device with the seamless communications 
free from frequency switching (handover) during the 
travel of the vehicle, also contributing to a simplified 
configuration of the vehicle mounted device. 

(8) The roadway communication system according 
to the invention for achieving the above object has 
an arrangement wherein the plural road transmis- 
sion/reception antennas are disposed near a cell 
boundary with respect to a longitudinal direction of 
the road (Claim 33). 

[0010] In this arrangement, the road transmission 
antenna is located near a road transmission antenna of 
a neighboring cell and hence, the waves radiated from 
these transmission antennas are incident on the vehicle 
on road 

[001 1 ] along different directions. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Fig.1 is a conceptual representation of an arrange- 
ment of a roadway communication system accord- 
ing to a first embodiment of the invention; 
Rg.2 is a conceptual representation of an arrange- 
ment of a vehicle mounted device; 
Rg.3 is a block diagram illustrating an exemplary 
electrical configuration of a stationary station; 
Fig. 4 is a block diagram illustrating another exem- 
plary electrical configuration of a reception unit in a 
base station; 

Fig. 5 is a block diagram illustrating an exemplary 
electrical configuration of the vehicle mounted 
device; 

Fig. 6 is a group of graphical representations of 
reception levels of electromagnetic waves; 
Fig. 7 is a graphical representation explanatory of a 
selection procedure of a reception level and a 
reception signal; 

Fig.8 is a diagram illustrating another exemplary 
road antenna installation; 

Fig.9 is a block diagram illustrating a configuration 
of a reception unit 46 when an adaptive array 
antenna is applied to a vehicle antenna 12; 
Fig. 10 is a conceptual representation of an 
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arrangement of the roadway communication sys- 
tem according to a second embodiment hereof; 
Fig. 11 is a block diagram illustrating an electrical 
configuration of a reception unit in a vehicle 
mounted device; s 
Fig. 12 is a conceptual representation of the road- 
way communication system according to a third 
embodiment hereof; 

Fig. 13 is a conceptual representation of an exem- 
plary arrangement of the vehicle mounted device; 10 
Fig. 14 is a block diagram illustrating an exemplary 
electrical configuration of the stationary station; 
Fig. 15 is a block diagram illustrating an exemplary 
electrical configuration of the vehicle mounted 
device; 75 
Fig. 16 is a conceptual representation of the com- 
munication system accruing to a fourth embodi- 
ment hereof; 

Fig. 17 is a block diagram illustrating an exemplary 
electrical configuration of the reception unit in the 20 
vehicle mounted device according to the fourth 
embodiment hereof; 

Fig. 18 is a conceptual representation of an 
arrangement of the roadway communication sys- 
tem according to a fifth embodiment hereof; 25 
Fig. 19 is a conceptual representation of an 
arrangement of the vehicle mounted device; 
Fig. 20 is a block diagram illustrating an exemplary 
electrical configuration of the stationary station; 
Hg.21 is a graphical representation of symbol 30 
transmission based on OFDM technique with fre- 
quency axis represented by T and time axis repre- 
sented by "t"; 

Fig. 22 is a block diagram illustrating another form of 
electrical configuration of the receiver in the station- 35 
ary station; 

Fig. 23 is a block diagram illustrating another exem- 
plary electrical configuration of the vehicle mounted 
device; 

Fig. 24 is a diagram illustrating another exemplary 40 
road antenna installation; 

Fig. 25 is a conceptual representation of an exem- 
plary arrangement of the roadway system accord- 
ing to a sixth embodiment hereof; 

Fig. 26 is a block diagram illustrating an exemplary as 

configuration of the base station; 

Fig. 27 is a block diagram illustrating an exemplary 

electrical configuration of the road antenna; 

Fig. 28 is a conceptual representation of an 

arrangement of a conventional roadway communi- so 

cation system; and 

Fig.29 is a diagram explanatory of wave blocking in 
the conventional roadway communication system. 



BEST MODE FOR CARRYING OUT THE INVENTION 
FIRST EMBODIMENT (Directivity) 

[0013] Fig.1 is a conceptual representation of an 
arrangement of a roadway communication system 
according to a first embodiment of the invention. The 
roadway communication system provides two-way com- 
munications between a stationary station 1 and a vehi- 
cle mounted device 3 on a vehicle 2. 
[0014] In the stationary station 1 , a plurality of cells 
E are continuously defined along a road. Near a bound- 
ary of individual cells E with respect to a longitudinal 
direction of the road, a first road antenna 4a and a sec- 
ond road antenna 4b are installed, each having a direc- 
tivity toward each cell. The first and second road 
antennas 41, 4b each radiate the cell E with electro- 
magnetic waves of the same frequency (e.g., in 6 GHz 
band). More specifically, the first road antenna 4a pro- 
vides radiation in a direction represented by the hollow 
arrow in the figure whereas the second road antenna 4b 
provides radiation in a direction represented by the solid 
arrow. Accordingly, the electromagnetic waves of the 
same frequency are incident on any point in the cell E in 
longitudinally forward and backward directions with 
respect to the road. Hence, when passing through the 
cell E, the vehicle 2 receives the electromagnetic waves 
incoming from front and from back. 
[0015] It is noted that the road antenna 4 has a 
height above the ground "h" of, for example, 10 m 
whereas the cell E has a longitudinal length V of, for 
example, 1 00 in with respect to the road. 
[0016] The two road antennas 4a, 4b are connected 
to a base station 6 via optical fibers 5a, 5b, respectively. 
Each optical fiber 5a, 5b comprises an up-cable and a 
down-cable. The optical fibers reduce signal attenuation 
as compared with a coaxial cable or the like used as the 
transmission line and hence, the degradation of com- 
munication quality is prevented. As a matter of course, 
the optical fibers 5a, 5b may be replaced by the coaxial 
cable. 

[0017] The base station 6 modulates a signal using 
road traffic information and applies the resultant signal 
to the respective road antennas 4a, 4b via the optical 
fibers 5a, 5b. Accordingly, the waves radiated from the 
road antennas contain the same road traffic information. 
[0018] The base station 6 receives vehicle data 
from the respective road antennas 4a, 4b so as to per- 
form suitable processings on the data. The vehicle data 
(including vehicle ID data item and other data items on 
road conditions detected by various unillustrated sen- 
sors) are obtained by the vehicle mounted device 3 and 
sent therefrom via the road antennas. 
[0019] Fig.2 is a conceptual representation of an 
arrangement of the vehicle mounted device 3. The vehi- 
cle mounted device 3 includes a vehicle communication 
unit 11 and an vehicle antenna unit 12. The vehicle 
communication unit 1 1 operates to radiate electromag- 
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netic waves containing the vehicle data via the vehicle 
antenna unit 12. The vehicle communication unit 11 
also obtains the road traffrc data contained in the waves 
radiated from the respective road antennas 4a, 4b and 
received by the vehicle antenna unit 12. The road traffic 
data thus obtained are supplied to a driver, for example. 
[0020] The vehicle antenna unit 12 includes a pair 
of vehicle antennas 12a, 12b mounted on a ceiling of 
the vehicle 2. The vehicle antennas 12a, 12b are juxta- 
posed along an anteroposterior direction of the vehicle 
2, each having a directivity along the anteroposterior 
direction of the vehicle 2. This permits the vehicle 
antennas 12a, 12b to receive high level radiation from 
the road antennas 4a, 4b providing directivities thereto, 
respectively. On the other hand, the vehicle antennas 
12a, 12b direct their radiations containing the vehicle 
data to the road antennas 4a, 4b. 
[0021] Fig. 3 is a block diagram illustrating an elec- 
trical configuration of the stationary station 1 . The base 
station 6 includes a transmission unit 21 for supplying 
the road traffic data to the road antenna 4. The trans- 
mission unit 21 includes a modulation unit 22 modulat- 
ing a modulation-carrier based on the road traffic data 
for generation of a transmission signal. The modulation 
unit 22 may employ QPSK as a suitable modulation 
technique but other modulation techniques such as 
QAM, BPSK, 8PSK and the like are applicable. Unless 
otherwise noted, the description herein is made on 
assumption that QPSK modulation is used. 
[0022] The transmission signal is supplied to a 
mixer 23, which generates a radio-transmission signal 
of 6 (GHZ) band, for example, by combining the trans- 
mission signal with a frequency-modulation carrier from 
a local oscillator 24. The radio transmission signal is 
amplified in a high-frequency amplifier 25 and then sup- 
plied to an electro-optical converter (E/O) 26 for direct 
conversion to an optical signal. The resultant optical sig- 
nal is outputted to the two up-optical cables 5a, 5b. The 
optical signal is delivered to optic-electrical converters 
(O/E) 27a, 27b mounted to the respective road anten- 
nas 4a, 4b, where it is converted back to the electrical 
signal for radiation via the road antennas 4a, 4b. 
[0023] When outputted to the optical fibers 5a, 5b, 
the optical signal converted by the electro-optical con- 
verter (E/O) 26 must be distributed. An optical fiber cou- 
pler 59 is used for the distribution of the optical signals. 
The optical fiber coupler 59 of the known configuration 
is usable (for example, C-NS series commercially avail- 
able from Fiber Optic Communications Inc.). 
[0024] The control station 6 further includes a 
reception unit 28 for obtaining the vehicle data from the 
road antennas 4a, 4b. When the road antennas 4a, 4b 
receive the electromagnetic waves from the vehicle 
antennas 12a, 12b, the reception signals corresponding 
to the waves are converted to optical signals by electro- 
optical converters (E/O) 29a, 29b. Subsequently, the 
resultant optical signals are outputted to two down- 
cables 5a, 5b to be supplied to the reception unit 28 of 



the base station 6. 

[0025] The reception unit 28 includes two optic- 
electrical converters (O/E) 30a, 30b which convert the 
optical signals back to the original reception signals. 

s The reception signals are amplified in high-frequency 
amplifiers 31a, 31b, respectively and then supplied to a 
switch unit 32, such as comprised of a semiconductor 
switch. The amplified reception signals are also applied 
to a level comparator 33. The level comparator 33 com- 

10 pares reception levels of the respective reception sig- 
nals to determine which of the reception signals is the 
higher. Then the level comparator provides control of 
the switch unit 32 for passage of a reception signal of 
the maximum reception level. 

15 [0026] In the configuration of Fig. 3, two signals are 
switched by the switch unit 32. However, an alternative 
configuration may be made such that the two signals 
are weighted with a predetermined weighting factor and 
then combined. In this case, "the predetermined weight- 

20 ing factor" is determined based on the reception levels 
of the reception signals compared by the level compara- 
tor 33. 

[0027] According to the block diagram of Ftg.3, the 
switch unit 32 operates to switch the high-frequency sig- 

25 nals amplified by the high-frequency amplifiers 31a, 
31b. An alternative configuration is possible wherein 
data detected by a detector 36 are switched or com- 
bined. Another configuration is also possible wherein 
data decoded by a decoder 37 are switched or com- 

30 bined. 

[0028] Fig. 4 illustrates a configuration wherein the 
switch unit 32 is disposed downstream of the detector 
so as to select a reception signal to be passed from 
reception signals subjected to coherent detection. More 

35 specifically, the reception signals amplified by high-fre- 
quency amplifiers 31a, 31b are applied to mixers 34a, 
34b to be changed in frequency. The resultant signals 
are subject to coherent detection in detectors 36a, 36b 
and then supplied to the switch unit 32. On the other 

40 hand, the level comparator 33 provides control of the 
switch unit 32 for selective passage of a reception signal 
of the highest reception level out of the reception signals 
amplified by the high-frequency amplifiers 31a, 31b. 
[0029] The selection of the reception signal subse- 

45 quent to the detection advantageously provides signals 
less susceptible to noises, or signal quality deteriora- 
tion. 

[0030] The configuration where the selection of 
reception signal follows the signal detection may be 
so applied to a reception unit 46 of the vehicle communica- 
tion unit 1 1 shown in Fig.5. 

[0031 ] As described with reference to Figs.3 and 4, 
a so-called optical fiber radio signal transmission tech- 
nique (A.J. Cooper, "FIBER/RADIO FOR THE PROVI- 
55 SION OF CORDLESS/MOBILE TELEPHONY 
SERVICES IN THE ACCESS NETWORK", Elec- 
tron.Lett., Vol.26, No.24 (Nov.1990) is used as a trans- 
mission technique for outputting the optical signal to the 
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optical fibers 5a, 5b. 

[0032] This negates the need for mounting a trans- 
mission/reception unit to the respective road antennas 
4a, 4, permitting the transmission/reception units for the 
antennas to take form as one set mounted to the base 5 
station 6. Thus, the road antennas 4a, 4b may be con- 
structed simple. On the other hand, the base station 6 
may process the reception signals fed from the road 
antennas 4a, 4b as they are at high frequencies. Hence, 
the level comparator 33 may readily compare the high- 10 
frequency reception levels of the reception signals. This 
results in a simplified structure of the reception unit 28. 
[0033] The base station 6 selects the reception sig- 
nal based on a so-called site diversity system thereby 
accomplishing an accurate decoding of the vehicle data 15 
in the subsequent processing. 

[0034] In Fig.3, the reception signal through the 
switch unit 32 goes to a mixer 34 where it is combined 
with a frequency-modulation carrier outputted from a 
local oscillator 35 to be changed in frequency. Subse- 20 
quently, the resultant signal is applied to the detector 36 
to be coherently detected using a demodulation carrier 
Then, the signal is applied to the decoder 37 for conver- 
sion to a reception signal corresponding to the vehicle 
data. 25 
[0035] In order for the vehicle mounted device 3 to 
accomplish accurate decoding of the road traffic data, 
transmission data bits corresponding to the radiated 
waves from the road antennas 4a, 4b must be in syn- 
chronism. Where the phase modulation technique, such 30 
as QPSK, is used for modulation, any frequency differ- 
ence between the radiated waves from the road anten- 
nas will entail abnormal operations of an AFC, resulting 
in bit errors (see, for example, YOICHI SAITOH, "MOD- 
ULATION/DEMODULATION IN DIGITAL RADIO COM- 35 
MUNICATIONS", Electronic Information 

Communication Association, p.119, 1.10-18). Too great 
frequency difference disables the coherent detection 
and the encoded signals cannot be decoded at all. 
[0036] In the stationary station 1 , however, the high- 40 
frequency signals generated in the base station 6 are 
distributed to the road antennas 4a, 4b via the optical 
fibers 5a, 5b and therefore, no difference occurs 
between the radiated waves from the antennas 4a, 4b. 
By eliminating delay difference between the optical fib- 45 
ers 5a, 5b, the transmission bits may readily be syn- 
chronized. 

[0037] The characteristic of producing no frequency 
difference is effectively exhibited by applying OFDM 
(Orthogonal Frequency Division Multiplex), as modula- 50 
tion technique, to the modulation unit 22. OFDM is a 
modulation system wherein data is divided and multi- 
plexed using multiple carriers orthogonal to each other. 
OFDM arranges carrier frequencies at such narrow 
intervals that any frequency shift will cause inter-carrier 55 
interference, leading to serious deterioration of commu- 
nication quality. Such a drawback may be eliminated by 
the optical fiber radio signal transmission system 



employing the optical fiber coupler 59 for signal distribu- 
tion because in principle, the carriers radiated from the 
antennas 4a, 4b have the same frequency. Thus, the 
present roadway communication system is provided 
with the greatest possible merit of OFDM which is less 
susceptible to multipath interference. 
[0038] Fig.5 is a block diagram illustrating an elec- 
trical configuration of the vehicle mounted device 3. The 
vehicle communication unit 1 1 includes a transmission 
unit 41 for supplying the vehicle data to the stationary 
station 1 . The transmission unit 41 includes a modula- 
tion unit 42 which modulates a modulation-carrier 
based on the vehicle data for generating a transmission 
signal. A suitable modulation technique is exemplified 
by QPSK and the like. 

[0039] The transmission signal is supplied to a 
mixer 43 where it is combined with a frequency-modula- 
tion carrier outputted from a local oscillator 44, thus 
converted to a radio transmission signal. The transmis- 
sion signal is amplified by a high-frequency amplifier 45 
and then supplied to the vehicle antennas 12a, 12b to 
be radiated therefrom as electromagnetic waves. 
[0040] The vehicle communication unit 11 further 
includes the reception unit 46 for obtaining the road traf- 
fic data from the road antennas 4a, 4b. When the vehi- 
cle antennas 12a, 12b receive the radiations from the 
road antennas 4a, 4b, reception signals corresponding 
to the received waves are applied to the vehicle commu- 
nication unit 11. The reception signals are then ampli- 
fied in high-frequency amplifiers 47a, 47b so as to be 
supplied to a switch unit 48 such as comprised of a 
semiconductor switch. The amplified signals are also 
applied to a level comparator 49 which, in turn, com- 
pares the reception levels of the reception signals 
thereby to determine which of the signals has the higher 
reception level. Subsequently, the comparator provides 
control of the switch unit 48 for passage of the reception 
signal of the highest reception level. 
[0041] In the block diagram of Fig.5, the two signals 
are switched by the switch unit 48. However, an alterna- 
tive configuration is possible wherein the two signals are 
weighted with a predetermined weighting factor and 
then combined. In this case, "the predetermined weight- 
ing factor" is determined based on the reception levels 
of the reception signals compared by the level compara- 
tor 48. 

[0042] In the configuration of the block diagram of 
Fig.5, the switch unit 48 switch the high-frequency sig- 
nals amplified by the high-frequency amplifiers 47a, 
47b. However, an alternative configuration may be 
made such that data detected by a detector 52 are 
switched or combined. Otherwise, data decoded by a 
decoder 53 may be switched or combined. 
[0043] Since the reception unit 46 of the vehicle 
communication unit 1 1 is adapted to select reception 
signal based on a so-called antenna pattern diversity 
system, the vehicle data are accurately restored in the 
subsequent step. 
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[0044] The reception signals through the switch unit 
48 are applied to a mixer 50 where they are combined 
with a frequency-conversion carrier outputted from a 
local oscillator for frequency conversion. Subsequently, 
the resultant signals are supplied to the detector 52 for 5 
coherent detection using a demodulation carrier. Then, 
the signals are applied to the decoder 53 which con- 
verts the reception codes to signals corresponding to 
the road traffic data. 

[0045] Next, the effect of diversity reception will be 10 
described. In the vehicle mounted device 3, a so-called 
multipath environment is established because the elec- 
tromagnetic waves at the same frequency are incident 
along forward and backward directions of the vehicle 2. 
In the case of the conventional signal reception using a 15 
single antenna, the reception signals suffer fading with 
the sharp fluctuations in amplitude and phase, as 
shown in Fig. 6a. 

[0046] Depending upon the position of the vehicle 
2, there may be a difference between a vehicle-to- 20 
antenna 4a distance and a vehicle-to-antenna 4b dis- 
tance and hence, which leads to propagation time delay 
difference between signals received by the vehicle 
mounted device 3. The propagation time delay differ- 
ence results in the inter-symbol interference. Conse- 25 
quently, the so-called floor error occurs because the bit 
error rate is not improved despite the high reception 
level of the received waves. The effect is particularly 
noticeable in a case where the base station 6 has such 
a low modulation rate that the propagation time delay 30 
difference becomes significant relative to one bit time. 
[0047] Assume, for example, that the cell E is 1 00 m 
in longitudinal length along the road and the road 
antenna 4a is 10 m in height, a maximum value of the 
delay spread between the reception signals from the 35 
respective road antennas 4a, 4b (standard deviation of 
time delay weighted with the reception level) is at about 
50 nsec. If, in this case, the vehicle mounted device 3 
uses QPSK coherent detection, as a detection tech- 
nique, the floor error rate is at about 6x1 0" 4 with the 40 
modulation rate of 1 Mbit/sec (see, for example, SHINSI 
MASAAKI "RADIO WAVE PROPAGATION IN RADIO 
COMMUNICATIONS", Electronic Information Commu- 
nication Association, p.213 Feb.20, 1994). 
[0048] On the other hand, Fig. 6b represents the 45 
levels of decomposed waves received from the respec- 
tive road antennas 4a, 4b. In Fig.6b, the solid line indi- 
cates the level of wave received from the first road 
antenna 4a whereas the two-dot-dash line indicates the 
level of wave received from the second road antenna so 
4b. Fig.6b shows that relatively stable reception signals 
can be obtained by selecting either one of the waves 
that has the maximum reception level. 
[0049] Accordingly, the vehicle mounted device 3 of 
the first embodiment is designed to select either one of 55 
the reception signals that corresponds to the maximum 
reception level based on the different directivities of the 
antennas and to subject the signals thus received to the 



detection and decoding processes. This reduces the 
inter-wave interference so that the vehicle mounted 
device 3 can receive the waves at levels as shown in 
Fig. 6c. Thus is obviated the effect of the multipath fad- 
ing. In the selection of either one of the reception sig- 
nals, if the unselected reception signal has a level 
somewhat lower than that of the selected reception sig- 
nal, the floor error rate may be improved. More specifi- 
cally, if the level of the unselected reception signal is 
about 20 db lower than that of the selected reception 
signal, the floor error rate is improved to about 1x10" 5 
with the delay spread decreased to about 1/10. 
[0050] Fig. 7 is an explanatory diagram of a recep- 
tion signal selection procedure taken by the vehicle 
mounted device 3. In Fig. 7, sections A-B and D-F each 
indicate a wave blocking area produced by a large vehi- 
cle traveling in side-by-side relation to the vehicle. 
[0051] When the vehicle is traveling in proximity of 
the first road antenna 4a (at position indicated by the 
solid line in Fig.1), a reception level 71 of the radiation 
from the first road antenna 4a is higher than a reception 
level 72 of that from the second road antenna 4b. 
Hence, a reception signal corresponding to the radiation 
from the first road antenna 4a is selected. 
[0052] When, in this state, the vehicle 2 reaches a 
point A to have the radiation thereto blocked by the large 
vehicle, the reception level 71 drops abruptly. At this 
time, the vehicle mounted device 3 also receives the 
radiation from the second road antenna 4b so that the 
reception level 72 becomes relatively higher than that of 
the radiation from the first road antenna. Thus, the vehi- 
cle mounted device 3 selects the reception signal corre- 
sponding to the radiation from the second road antenna 
4b. Subsequently, when the vehicle 2 reaches a point B 
getting out of the wave blocking area, the reception level 
71 becomes relatively higher and therefore, the vehicle 
mounted device 3 selects the reception signal corre- 
sponding to the radiation from the first road antenna 4a. 
[0053] After the vehicle 2 passes a midportion C of 
the cell E (at position indicated by the two-dot-dash line 
in Fig.1), the relation between the reception levels 71 
and 72 is inverted so that the reception level 72 is rela- 
tively the higher. Therefore, the vehicle mounted device 
3 selects the reception signal corresponding to the radi- 
ation from the second road antenna 4b. In the wave 
blocking section between points D and F, the reception 
level 71 is relatively the higher during a period that the 
vehicle 2 travels between the points D and F. Hence, the 
vehicle mounted device 3 selects the reception signal 
corresponding to the radiation from the first road 
antenna 4a. 

[0054] As mentioned supra, the first embodiment 
provides a single cell E with two propagation paths for 
the waves radiated from the road antenna 4. Therefore, 
the blocking of the waves is prevented even when the 
vehicle 2 is traveling near the large vehicle such as a 
truck. In addition, the effect of multipath interference 
may be obviated because the vehicle mounted device 3 
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selectively processes the reception signal of the maxi- 
mum reception level. As a result, seamless communica- 
tions take place preferably between the vehicle 
mounted device 3 and the road antenna 4. 
[0055] According to the forgoing description, the 5 
pair of road antennas 4a, 4b forming a single cell E are 
disposed at opposite ends of each cell area with respect 
to the longitudinal direction of the road defined with the 
cell E. However, the locations of the road antennas 4a, 
4b are not limited to the area ends. As shown in Fig.8 for 10 
instance, the antennas may be located at places rather 
closer to the midportion of the cell E than at the area 
ends. In the foregoing description, a single cell E is 
formed by a pair of road antennas 4a, 4b but may be 
formed by three or more road antennas. Briefly, the road 15 
antennas 4 may be varied in the location and the 
number so long as they are capable of applying the 
waves to the vehicle 2 in different incoming directions. 
[0056] According to the foregoing description, the 
road antennas 4a, 4b employ the optical fiber radio sig- 20 
nal transmission system thereby directly converting the 
reception signals to the optical signals, dispensing with 
the frequency conversion. Alternatively, the road anten- 
nas 4a, 4b may take a procedure such that the reception 
signals are down-converted to intermediate-frequency 25 
signals and then converted to the optical signals to be 
outputted to the optical fibers 5a, 5b. This procedure 
permits the use of a less costly, commonly used laser 
diode as the light source for the optical signal, thus con- 
tributing to cost reduction. 30 
[0057] If, in this case, a system is used wherein the 
base station 6 outputs a local oscillation signal to the 
road antennas 4a, 4b (see, for example, Japanese 
Unexamined Patent Publication No.6-141361 (1994), 
the reception signals converted in the road antennas 35 
4a, 4b may substantially matched in frequency. 
[0058] In the foregoing description, a plurality of 
vehicle antennas 12a, 12b with specific directivities are 
provided and either of the reception signals received by 
the vehicle antennas are selected based on the recep- 40 
tion levels of the received waves. However, an alterna- 
tive configuration is also possible wherein, for example, 
a single vehicle antenna adapted to switch the directivi- 
ties thereof is provided and is so controlled as to direct 
either of the road antennas 4a, 4b. A usable vehicle 45 
antenna is exemplified by an adaptive array antenna 
and the like. 

[0059] Fig.9 illustrates a configuration wherein the 
adaptive array antenna is applied to the vehicle antenna 
12. The reference characters 12a and 12b represent an so 
element antenna, respectively. (Although two or more 
element antennas may actually be installed, the 
description takes an example for simplicity wherein two 
element antennas are provided.) Reception signals 
obtained from the element antennas 12a, 12b are fed ss 
back to a phase/amplitude control circuit 154. The 
phase/amplitude control circuit 154 uses a known adap- 
tive control algorithm to calculate weighted amplitude 



vector and weighted phase vector for the reception of 
the strongest beam or the achievement of an optimum 
directivity of the vehicle antenna 12 (see, for example, 
H.Krim and M.Viberg, "Two Decades of Array Signal 
processing Research" IEEE Signal processing Maga- 
zine, pp.67-94, July 1996 and Sekiguchi and Inagaki, 
"Pattern Synthesis Theory", Electrical Communication 
Association, vol.48, No.4 (April, 1996). Phase/amplitude 
signals determined by the phase/amplitude control cir- 
cuit 154 are supplied to phase shifting devices 152a, 
152b, and amplifiers 153a, 153b where they are condi- 
tioned to optimum phase and amplitude. The reference 
character 155 represents a combiner circuit. 

SECOND EMBODIMENT (Road Marker) 

[0060] Fig. 10 is a conceptual representation of an 
arrangement of the roadway communication system 
according to a second embodiment of the invention. In 
Fig. 10, like functional portions are represented by like 
reference characters, respectively. 
[0061] In the first embodiment, the vehicle mounted 
device 3 obviates the effects of fading and the like by 
selecting the reception signal corresponding to the max- 
imum reception level. In contrast, the second embodi- 
ment obviates the effects of fading and the like by 
informing the vehicle mounted device 3 of a position on 
the road at which the maximum reception level is 
switched. 

[0062] More specifically, road markers 61, 62, such 
as of magnet, color-coded reflector and light-emitting 
element, are installed in the road for indication of the 
position on the road at which the maximum reception 
level is switched. Specifically, the road markers 61, 62 
are disposed on the road at longitudinal opposite ends 
and at a midportion of the cell E. In the road marker 61 
disposed at the area end, a code is implemented in the 
magnetic field direction or color spectrum for indication 
of that the radiation from the first road antenna 4a 
reaches the maximum reception level at this point. In 
the road marker 62 disposed substantially centrally of 
the cell E, a code is provided for indication of that the 
radiations from the first and second antennas 4a, 4b 
become equal in the reception level at this point. 
[0063] As shown in Fig.11, the vehicle mounted 
device 3 includes a marker detection unit 63, such as 
comprised of a magnetic sensor, photodetector or the 
like, for detection of the road markers 61 , 62; a code 
identification unit 64 for identification of a code in corre- 
spondence to the road marker 61, 62 detected by the 
marker detection unit 63; and a signal selection unit 65 
for selectively passing either one of the two reception 
signals that corresponds to the maximum reception 
level based on the determination made by the code 
identification unit 64. 

[0064] The marker detection unit 63 detects the 
road marker 61 when the vehicle 2 enters the cell E or 
leaves the cell E. At this time, the code identification unit 



12 

: <EP 1059737A1_I_> 



23 



EP 1 059 737 A1 



24 



64 determines that the radiation from the first road 
antenna 4a presents the maximum reception level. As a 
result, the switch unit 48 is controlled by the signal 
selection unit 65 thereby to pass the reception signal 
from the first road antenna 4a. Thus, when the vehicle 2 
is at the position indicated by the solid line in Fig.1 0, the 
reception signal from the first road antenna 4a is 
selected and subjected to the detection and decoding 
processings. 

[0065] When, on the other hand, the vehicle 2 
passes the midportlon of the cell E, the marker detec- 
tion unit 63 detects the road marker 62 such that the 
code identification unit 64 determines that the radiation 
from the second road antenna 4b presents the maxi- 
mum reception level. Accordingly, the signal selection 
unit 65 provides control of the switch unit 48 for passage 
of the reception signal from the second road antenna 
4b. Thus, when the vehicle 2 is at the position indicated 
by the two-dot-dash line in Rg.tO, the reception signal 
from the second road antenna 4b is selected and sub- 
jected to the detection and decoding processings. 
[0066] According to the second embodiment, the 
reception signal corresponding to the maximum recep- 
tion level can be selected without monitoring the recep- 
tion level for avoiding the fading effect due to the 
interference between the first and second road anten- 
nas 4a, 4b. The reception signal can be selected by sim- 
ple processings. 

THIRD EMBODIMENT (Polarized Wave) 

[0067] Next, the description of a third embodiment 
focuses on difference from the first embodiment. 
[0068] Fig. 12 is a conceptual representation of an 
arrangement of the roadway communication system 
according to the third embodiment. 
[0069] The first and second road antennas 4a, 4b 
are adapted to radiate the cell E with the electromag- 
netic waves in the form of a polarized wave A and a 
polarized wave B, respectively, the waves being at the 
same frequency (6 GHz) and orthogonally polarized 
with respect to each other. More specifically, the first 
road antenna 4a radiates the polarized wave A in a 
direction of the hollow arrow whereas the second road 
antenna 4b radiates the polarized wave B in a direction 
of the solid arrow. Accordingly, the electromagnetic 
waves of the same frequency and of different polariza- 
tion characteristics are incident on any point in the cell 
E in longitudinally forward and backward directions with 
respect to the road. It is noted that the pair of waves 
orthogonally polarized with respect to each other 
include a pair of a right hand circularly polarized wave 
and a left hand circularly polarized wave, and a pair of a 
horizontally polarized wave and a vertically polarized 
wave, and the like. 

[0070] Fig. 13 is a conceptual representation of an 
arrangement of the vehicle mounted device 3. The vehi- 
cle mounted device 3 includes the vehicle communica- 



tion unit 1 1 and the vehicle antenna unit 12. The vehicle 
antenna unit 1 2 includes a pair of vehicle antennas 1 2a, 
12b mounted on the ceiling of the vehicle 2, for exam- 
ple. The vehicle antennas 12a, 12b are juxtaposed 

5 along an anteroposterior direction of the vehicle 2, hav- 
ing orthogonally polarized characteristics with respect 
to each other. More specifically, the vehicle antenna unit 
12 radiates the polarized wave B forwardly and the 
polarized wave B rearward ly and receives them. This 

70 permits the vehicle antennas 12a, 12b to receive the 
electromagnetic waves at high power level from the 
road antennas 4a, 4b which are directive to the cell. In 
radiation of waves containing the vehicle data, the vehi- 
cle antennas 12a, 12b provide respective radiations of 

75 waves orthogonally polarized with respect to each other 
toward the respective road antennas 4a, 4. 
[0071] Although Fig. 13 illustrates that the vehicle 
antennas 12a, 12b have the directivities in the antero- 
posterior directions of the vehicle 2, antennas without 

20 the anteroposterior directivities, such as non-directional 
antenna, may be used. Briefly, the vehicle antennas 
12a, 12b may have orthogonally polarized characteris- 
tics with respect to each other because even antennas 
without the anteroposterior directivities are capable of 

25 providing the polarization diversity effect of the third 
embodiment. 

[0072] Fig. 14 is a block diagram illustrating an elec- 
trical configuration of the stationary station 1. The block 
diagram differs from the block diagram of Fig. 3 in that 
30 the road antennas 4a, 4b radiate and receive the elec- 
tromagnetic waves in the form of polarized wave A and 
polarized wave B, respectively. 

[0073] Referring to Fig.1 4, the following procedure 
takes place. The transmission unit 21 converts radio 

35 transmission output signals to optical signals. The 
resultant signals are converted to electrical signals in 
optic-electrical converters (O/E) 27a, 27b of the road 
antennas 4a f 4b. Subsequently, the electrical signals 
are radiated from the road antennas 4a, 4b as the polar- 

40 ized wave A and polarized wave B, respectively. 

[0074] When the road antennas 4a, 4b receive the 
radiations from the vehicle antennas 12a, 12b, recep- 
tion signals corresponding to the received waves are 
directly converted to optical signals in the electro-optical 

45 converters (E/O) 29a, 29b, respectively The resultant 
signals are outputted to the down-cables 5a, 5b, respec- 
tively, to be supplied to the reception unit 28 of the base 
station 6. 

[0075] The reception unit 28 includes the two optic- 
so electrical converters (O/E) 30a, 30b where the optical 
signals are converted back to the original reception sig- 
nals. The reception signals are respectively amplified by 
the high-frequency amplifiers 31a, 31b before applied to 
the switch unit 32 such as comprised of a semiconduc- 
55 tor switch. The amplified reception signals are also sup- 
plied to the level comparator 33. The level comparator 
33 compares the reception levels of the reception sig- 
nals thereby determining which of the signals are at the 
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higher reception level. Then, the comparator provides 
control of the switch unit 32 for passage of the reception 
signal with the maximum reception level. 
[0076] In the configuration shown in the block dia- 
gram of Fig. 13, the two signals are switched by the 5 
switch unit 32. However, an alternative configuration is 
possible wherein the two signals are weighted with a 
predetermined weighting factor and then combined. In 
this case, "the predetermined weighting factor" is deter- 
mined based on the reception levels of the reception 10 
signals compared by the level comparator 33. 
[0077] In the block diagram of Fig. 14, the switch 
unit 32 operates to switch the high-frequency signals 
amplified by the high-frequency amplifiers 31a, 31b. An 
alternative configuration is possible wherein data is 
detected by a detector 36 are switched or combined. 
Another configuration is also possible wherein data 
decoded by the decoder 37 are switched or combined. 
[0078] The base station 6 of the third embodiment 
is adapted to select the reception signal based on the 20 
combination of the so-called site diversity technique and 
the polarization diversity technique. Accordingly, the 
vehicle data are accurately restored in the subsequent 
processing. 

[0079] Fig.1 5 is a block diagram illustrating an elec- 25 
trical configuration of the vehicle mounted device 3. The 
diagram differs from Fig.5 in that the radio transmission 
output signals are amplified by the high-frequency 
amplifier 45 and then supplied to the vehicle antennas 
1 2a, 12b which, in turn, radiate the signals in the form of 30 
polarized wave A and polarized wave B, respectively. 
[0080] The vehicle communication unit 11 further 
includes the reception unit 46 for obtaining the road traf- 
fic data from the road antennas 4a, 4b. When the vehi- 
cle antennas 12a, 12b receive the radiations from the 35 
road antennas 4a, 4b, the reception signals correspond- 
ing to the received waves are supplied to the vehicle 
communication unit 1 1 . The reception signals are ampli- 
fied by the high-frequency amplifiers 47a, 47b and then 
supplied to the switch unit 48 such as comprised of a 40 
semiconductor switch or the like. The reception signals 
are also applied to the level comparator 49. The level 
comparator 49 compares the reception levels of the 
reception signals to determine which of the signals has 
the higher reception level. Subsequently, the compara- 45 
tor provides control of the switch unit 48 for passage of 
the reception signal with the maximum reception level. 
[0081] In the block diagram of Fig. 15, the two sig- 
nals are switched by the switch unit 48. However, an 
alternative configuration is possible wherein the two sig- so 
nals are weighted with a predetermined weighting factor 
and combined. In this case, "the predetermined weight- 
ing factor" is determined based on the reception levels 
of the reception signals compared by the level compara- 
tor 33. 55 
[0082] In the block diagram of Fig. 15, the switch 
unit 48 switches the high-frequency signals amplified by 
the high-frequency amplifiers 47a, 47b. However, an 



alternative configuration is possible wherein data 
detected by the detector 52 are switched or combined. 
Otherwise, data decoded by the decoder 53 may be 
switched or combined. 

[0083] The reception signals through the switch unit 
48 are applied to the mixer 50 where they are combined 
with a frequency-conversion carrier outputted from a 
local oscillator 51 for frequency conversion. Subse- 
quently, the resultant signals are supplied to the detec- 
tor 52 for coherent detection using a demodulation 
carrier. Then, the signals are applied to the decoder 53 
where they are converted to reception signals corre- 
sponding to the road traffic data. 

[0084] In the vehicle mounted device 3, the so- 
called multipath environment is established because the 
electromagnetic waves at the same frequency are 
received along forward and backward directions of the 
vehicle 2. However, the effect of fading with the sharp 
fluctuations in amplitude and phase can be obviated 
because the incoming waves forward ly and rearward ly 
of the vehicle 2 have orthogonal polarization planes with 
respect to each other. 

[0085] Since the operations described with refer- 
ence to Figs. 6 and 7 may be directly applied to the 
selection from the two polarized reception signals, the 
description thereof is dispensed with. 
[0086] As mentioned supra, the third embodiment 
provides a single cell E with two propagation paths for 
the waves radiated from the road antenna 4 while the 
vehicle mounted device 3 is adapted to select the polar- 
ized reception signal of the maximum reception level 
and to process it. Therefore, the blocking of waves and 
multipath interference are prevented even when the 
vehicle 2 is traveling near the large vehicle such as a 
truck. 

[0087] According to the forgoing description, the 
pair of road antennas 4a, 4b forming a single cell E are 
disposed at longitudinal opposite ends of each cell area 
with respect to the road defined with the cell E. How- 
ever, the road antennas 4a, 4b may be located at places 
rather closer to the central portion of the cell E than at 
the area ends, as described with reference to Fig. 8. 
[0088] In the foregoing description, a single cell E is 
formed by a pair of road antennas 4a, 4b but may be 
formed by three or more road antennas. Briefly, the road 
antennas 4 may be varied in the location and the 
number so long as they are capable of applying the 
polarized waves to the vehicle 2 in different incoming 
directions. 

[0089] In the foregoing description, a plurality of 
vehicle antennas 12a, 12b with specific polarization 
characteristics are provided and either of the reception 
signals received by the vehicle antennas is selected 
based on the reception levels of the received waves. 
However, an alternative arrangement is also possible 
wherein, for example, a single vehicle antenna adapted 
to switch the polarization characteristics thereof is pro- 
vided and is so controlled as to receive either of the 



14 

: <EP 1059737A1J_> 



27 



EP 1 059 737 A1 



28 



polarized waves depending upon the reception levels of 
the waves. A usable vehicle antenna is exemplified by a 
polarization adaptive array antenna and the like. 
[0090] As a configuration employing the polariza- 
tion adaptive array antenna, the configuration of Fig. 9 is 
usable wherein the element antennas 12a, 12b are 
replaced by differently polarized element antennas 
(Although two or more element antennas may actually 
be installed, the description takes an example for sim- 
plicity wherein two element antennas are provided.) 
(See, for an exemplary configuration of the polarization 
array antenna, Itoh Yasuhiko & ?? Tasuku, "CURRENT 
STATE AND TRENDS OF THIN ANTENNAS" Elec- 
tronic Information Communication Association, B 
Vol.J71-B No.11, pp.121 7-1227 (Nov.1988)). 
[0091] Now referring to Fig.9, assume, for example, 
that the element antenna 12a is a horizontal polariza- 
tion antenna whereas the element antenna 1 2b is a ver- 
tical polarization antenna. The phase/amplitude control 
circuit 1 54 provides control based on the conventional 
adaptive control algorithm such that the vehicle antenna 
12 has polarization characteristics of providing polar- 
ized waves carrying the most powerful signals (gener- 
ally, elliptically polarized waves). 

FOURTH EMBODIMENT (Road Marker) 

[0092] Fig. 16 is a conceptual representation of an 
arrangement of the roadway communication system 
according to a fourth embodiment of the invention. In 
Fig.16, like functional portions to those in Fig. 12 are 
represented by like reference characters, respectively. 
[0093] The third embodiment obviates the effects of 
fading and the like by taking the steps of comparing the 
reception levels of the polarized reception waves and 
selecting the polarized reception signal of the maximum 
reception level. In contrast, the fourth embodiment obvi- 
ates the effects of fading and the like by informing the 
vehicle mounted device 3 of a position on the road at 
which the reception signal of the maximum reception 
level is switched. 

[0094] More specifically, the road markers 61, 62, 
such as of magnet, color-coded reflector and light-emit- 
ting element, are installed in the road for indication of 
the position on the road at which the maximum recep- 
tion level is switched. 

[0095] As shown in Fig. 17, the vehicle mounted 
device 3 includes the marker detection unit 63 for detec- 
tion of the road markers 61 , 62; the code identification 
unit 64 for identification of a code in correspondence to 
the road marker 61, 62 detected by the marker detec- 
tion unit 63; and the signal selection unit 65 for providing 
control of the switch unit 48 such that either one of the 
two reception signals that corresponds to the maximum 
reception level is passed based on the determination 
made by the code identification unit 64. 
[0096] The marker detection unit 63 detects the 
road marker 61 when the vehicle 2 enters or leaves the 



cell E. At this time, the code identification unit 64 deter- 
mines that the radiation from the first road antenna 4a 
presents the maximum reception level. Accordingly, the 
signal selection unit 65 provides control of the switch 

5 unit 48 for passage of the reception signal from the first 
road antenna 4a. Thus, the reception signal from the 
first road antenna 4a is selected and subjected to the 
detection and decoding processings. 
[0097] When, on the other hand, the vehicle 2 

w passes the central portion of the cell E, the marker 
detection unit 63 detects the road marker 62 whereby 
the code identification unit 64 determines that the radia- 
tion from the second road antenna 4b presents the max- 
imum reception level. Accordingly, the switch unit 48 is 

15 controlled by the signal selection unit 65 thereby to pass 
the reception signal from the second road antenna 4b. 
Thus, the reception signal from the second road 
antenna 4b is selected and subjected to the detection 
and decoding processings. 

20 [0098] According to the fourth embodiment, the 
reception signal corresponding to the maximum recep- 
tion level can be selected without monitoring the recep- 
tion level for avoiding the fading due to the interference 
between the first and second road antennas 4a, 4b. 

25 Hence, the reception signals can be selected by the 
simple processings. 

FIFTH EMBODIMENT (OFDM) 

30 [0099] Fig. 18 is a conceptual representation of a 
configuration of the roadway communication system 
according to a fifth embodiment of the invention. This 
embodiment pertains a micro-cell roadway communica- 
tion system employing Orthogonal Frequency Division 

35 Multiplex (OFDM) technique as a data modulation tech- 
nique. 

[0100] In the mobile communication system using a 
single carrier, it is a common practice to provide the 
transmission unit with an equalizer having an inverse 
40 characteristics of those of the transmission path thereby 
obviating the effect of inter-symbol interference caused 
by multipath delayed waves. 

[0101] However, a car travels through the cell at 
such high speeds that the radio frequency energy field 
45 presents too sharp fluctuations per unit time for the 
equalizer to cope with the calculations. Thus, it is impos- 
sible to transmit signals at less than a given transmis- 
sion error rate. 

[0102] In addition, a large-scale hardware is 
so required for implementing the equalizer, which results in 
great power consumption. 

[0103] On this account, Orthogonal Frequency Divi- 
sion Multiplex system less susceptible to the inter-sym- 
bol interference due to multipath delayed waves is 
55 employed as the data modulation system. 

[0104] In the stationary station 1 , a plurality of cells 
E are continuously defined along the road. Near a 
boundary of individual cells E with respect to a longitu- 
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dinal direction of the road, the first road antenna 4a and 
a second road antenna 4b are installed, which are direc- 
tive toward each cell. The first and second road anten- 
nas 41 , 4b each radiate the cell E with electromagnetic 
waves of the same frequency (e.g., in 6 GHz band). 5 
More specifically, the first road antenna 4a radiates the 
electromagnetic waves in a direction represented by the 
hollow arrow whereas the second road antenna 4b radi- 
ates the electromagnetic waves in a direction repre- 
sented by the solid arrow. Accordingly, the waves of the 10 
same frequency are incident on any point in the cell E in 
longitudinally forward and backward directions of the 
road. Hence, when passing through the cell E, the vehi- 
cle 2 receives the electromagnetic waves incoming from 
front and from back. 15 
[0105] The road antennas 4a, 4b are connected to 
the base station 6 via the optical fibers 5a, 5b, respec- 
tively. Each optical fiber 5a, 5b comprises an up-optical 
cable and a down-optical cable. The optical fibers 
reduce signal attenuation as compared with a coaxial 20 
cable or the like used as the transmission line, thus pre- 
venting the degradation of communication quality. As a 
matter of course, the optical fibers 5a, 5b may be 
replaced by the coaxial cables. 

[0106] The base station 6 applies OFDM modulated 25 
signals to the road antennas 4a, 4b via the optical fibers 
5a, 5b. Hence, the radiations from the road antennas 
4a t 4b contain the same road traffic data. The base sta- 
tion 6 also obtains the vehicle data from the vehicle 
mounted device 3 via the road antennas 4a, 4b and 30 
properly processes the obtained data. 
[0107] The base station 6 shares with neighboring 
base stations 6 the same carrier frequency for OFDM 
modulated waves. Also, the communicated data contain 
the same contents. The transmission of signals of the 35 
same content over the same carrier frequency channel 
negates the need for changing the frequency of the 
vehicle mounted oscillator at transfer of the vehicle to 
the neighboring cell. Hence, the vehicle mounted device 
does not require a costly oscillator for fast oscillation fre- 40 
quency pulling or multiple oscillators. This contributes to 
the reduction of device costs and size. 
[0108] Fig. 19 is a conceptual representation of a 
configuration of the vehicle mounted device 3 which 
includes the vehicle communication unit 11 and the 45 
vehicle antenna unit 12. The vehicle communication unit 
1 1 radiates electromagnetic waves containing the vehi- 
cle data via the vehicle antenna unit 12. The vehicle 
communication unit 1 1 also receives the waves radiated 
from the road antennas 4a, 4b via the vehicle antenna so 
unit 12, thereby obtaining the road traffic data contained 
therein for presenting the obtained road traffic data to a 
driver, for example. 

[0109] Fig.20 is a block diagram illustrating an elec- 
trical configuration of the stationary station 1 which 55 
includes the transmission unit 21 for supplying the road 
traffic data to the road antenna 4. The transmission unit 
21 employs OFDM modulation technique wherein data 



is divided into pieces and multiplexed with multiple 
orthogonal carriers with respect to each other. 
[0110] The transmission unit 12 includes a forward 
error correction encoder 1 30, an interleave circuit 131 , a 
differential encoder 132, an inverse Fourier function 
transformer 133, and an up-converter 134. 
[0111] The forward error correction encoder 130 
serves to correct block coding errors or convolutional 
coding errors. The error correction circuit is an effective 
means because field strength variations (standing 
waves) occur in the road which are responsible for irreg- 
ular changes in amplitude and phase of the signals 
received by the traveling vehicle (fading). 
[0112] The interleave circuit 131 performs time- 
interleave processing and frequency-interleave 
processing used in Digital Audio Broadcasting. 
[0113] The differential encoder 132 performs 
encoding processing preparatory to demodulation 
based on extraction of difference from the preceding 
signal. When the transmission path becomes instable, 
the effect of the instable transmission path can be can- 
celed through differential extraction. 
[01 1 4] The inverse Fourier function transformer 1 33 
implements various functions which include translating 
serial information to parallel information through serial- 
to-parallel converter; performing inverse Fourier trans- 
form processing; translating inverse Fourier trans- 
formed information back to serial information; and time 
compressing the serial information and setting a guard 
time by placing a rear symbol in a forward position. 
[0115] The up-converter 1 34 up-converts the waves 
to higher radio frequencies, similarly to the mixer 23. 
[0116] The transmission signals up-converted by 
the up-converter 134 are converted to optical signals by 
the electro-optical converter (E/O) 26. The optical sig- 
nals are distributed via the optical fiber coupler 59 to be 
provided as output to the optical fiber couplers 5a ( 5b. 
The optical signals are transmitted through the optical 
fibers 5a, 5b so as to be converted to electrical signals 
by the respective optic-electrical converters (O/E) 27a, 
27b mounted to the road antennas 4a, 4b. Subse- 
quently, the resultant signals are radiated from the road 
antennas 4a, 4b. 

[0117] Fig.21 is a graphical representation of sym- 
bol transmission based on OFDM wherein T indicates 
the frequency axis; T the time axis; TS the valid symbol 
length; and At the guard time. The time compression 
ratio is expressed as (TS+At)n"S. 
[0118] The embodiment defines the guard time At 
to be longer than a time delay over the multipath. 
Because of the longer guard time, a symbol overlap 
may be ignored in the demodulation of the received sig- 
nal with long propagation time delay. 
[0119] The time delay over multipath can be deter- 
mined by taking actual measurement at the cell. Other- 
wise, the time delay may be empirically determined 
from the size of the cell. Specifically, the time delay is 
estimated at about 500 nsec in a 1 00-m long cell. 
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[0120] As shown in Fig.20, the base station 6 
includes the reception unit 28 for obtaining the vehicle 
data via the road antennas 4a, 4b. When the radiation 
from the vehicle antenna unit 12 is received by the road 
antennas 4a, 4b, reception signals corresponding to the 
received waves are directly converted to optical signals 
by the electro-optical converters (E70) 29a, 29b. Subse- 
quently, the resultant optical signals are outputted to the 
down-cables 5a, 5b to be supplied to the reception unit 
28 of the base station 6 . 

[0121] The reception unit 28 includes two optic- 
electrical converters (O/E) 30a, 30b where the optical 
signals are converted back to the original reception sig- 
nals. The reception signals are amplified by the high- 
frequency amplifiers 31a, 31b and then supplied to the 
switch unit 32 such as comprised of a semiconductor 
switch or the like. The amplified signals are also applied 
to the level comparator 33. The level comparator 33 
compares the reception levels of the reception signals 
to determine which of the signals has the higher recep- 
tion level. Then, the comparator provides control of the 
switch unit 32 for passage of the reception signal with 
the maximum reception level. The reception signal 
through the switch unit 32 is applied to the mixer 34 
where it is combined with a frequency-conversion car- 
rier outputted from the local oscillator 35 for frequency 
conversion. The resultant signal is applied to the detec- 
tor 36 where it is subject to coherent detection using a 
demodulation carrier. The detected signal is applied to 
the decoder 37 for conversion to the reception signal 
corresponding to the vehicle data. 
[0122] According to the block diagram of Fig.20, the 
two signals are switched by the switch unit 32. However, 
an alternative configuration is possible wherein the two 
signals are weighted using a predetermined weighting 
factor and then combined. In this case, "the predeter- 
mined weighting factor" is determined based on the 
reception levels of the reception signals compared by 
the level comparator 33. 

[0123] According to the block diagram of Fig.20, the 
switch unit 32 switches the high-frequency signals 
amplified by the high-frequency amplifiers 31a, 31b. 
However, an alternative configuration is possible 
wherein data detected by the detector 36 are switched 
or combined. Otherwise, data decoded by the decoder 
37 may be switched or combined. 
[0124] Fig.22 is a block diagram illustration a con- 
figuration wherein the switch unit 32 is disposed down- 
stream of the detector for selection of a reception signal 
to be passed after coherent detection. More specifically, 
after amplified by the high-frequency amplifiers 31a, 
31b, the reception signals are applied to the mixer 34a, 
34b for frequency conversion. Then, the signals are 
coherently detected by the detectors 36a t 36b before 
applied to the switch unit 32. On the other hand, the 
level comparator 33 receives the reception signals 
amplified by the high-frequency amplifiers 31a, 31b and 
controls the switch unit 32 in a manner that the either of 



the reception signals that has the maximum reception 
level is allowed to pass the switch unit 32. 
[0125] The procedure wherein the detection is fol- 
lowed by the selection of the reception signal is effective 
5 to obviate noise introduction into the reception signals, 
thus preventing the deterioration of communication 
quality. 

[0126] The foregoing configuration employs the so- 
called optical fiber radio signal transmission system as 
w a transmission system for outputting the optical signals 
to the optical fibers 5a, 5b. 

[0127] This negates the need for mounting the 
transmission/reception unit to the respective road 
antennas 4a, 4, permitting the transmission/reception 

15 unit for the road antennas to take form as one set 
mounted to the base station 6 . Thus, the road antennas 
4a, 4b may be constructed simple. On the other hand, 
the base station 6 may process the reception signals fed 
from the road antennas 4a, 4b as they are at high fre- 

20 quencies. Hence, the level comparator 33 may readily 
compare the high-frequency reception levels of the 
reception signals. 

[0128] The transmission unit 21 employs the OFDM 
modulation technique. In the OFDM system, carrier fre- 

25 quencies are arranged at narrow intervals. Therefore, 
any frequency shift will entail the inter-carrier interfer- 
ence and serious deterioration of the communication 
quality results. This drawback may be eliminated by 
employing the optical fiber radio signal transmission 

30 system where the signals are distributed via the optical 
fiber coupler 59. The reason is because the carriers 
radiated from the road antennas 4a, 4b, in principle, 
have the same frequency. Thus, the inventive roadway 
communication system takes full advantage of the merit 

35 of OFDM technique resisting multipah interference. 

[0129] Fig.23 is a block diagram illustrating a con- 
figuration of the reception unit for receiving the radia- 
tions from the road antennas 4a, 4b via the vehicle 
antenna 12. 

40 [0130] The reception unit includes a down-con- 
verter 140, a Fourier function transformer 141, a differ- 
ential decoder 142, a deinterleave circuit 143, and a 
forward error correction decoder 1 46. 
[0131] The Fourier function transformer 141 oper- 

45 ates inversely of the inverse Fourier function trans- 
former 133 on the send side. The circuit generates a 
decoded signal by subjecting the received waves to 
Fourier transform based on a window length of the 
effective symbol period TS. 

so [0132] The differential decoder 142 and the deinter- 
leave circuit 143 operate inversely of the differential 
encoder 132 and the interleave circuit 131, respectively. 
[0133] The forward error correction decoder 146 
operates inversely of the forward error correction 

55 encoder 1 30. 

[0134] As mentioned supra, the fifth embodiment 
provides a single cell E with two propagation paths for 
the waves radiated from the road antenna 4. Therefore, 
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the wave blocking is prevented even when the vehicle 2 
is traveling near the large vehicle such as a truck. In 
addition, the effect of multipath interference may be 
obviated by virtue of OFDM technique which provides 
the guard time to avoid the inter-symbol interference. As 5 
a result, the seamless communications take place in a 
preferable manner between the vehicle mounted device 
3 and the road antenna 4. 

[0135] According to the foregoing description, the 
pair of road antennas 4a, 4b forming a single cell E are 10 
disposed at longitudinal opposite ends of each cell area 
with respect to road defined with the cell E. However, 
the locations of the road antennas 4a, 4b are not limited 
to the area ends. As shown in Fig. 24 for instance, the 
antennas may be located at places rather closer to the 15 
midportion of the cell E than at the area ends. In the 
foregoing description, a single cell E is formed by a pair 
of road antennas 4a, 4b but may be formed by three or 
more road antennas. Briefly, the road antennas 4 may 
be varied in the location and the number so long as they 20 
are capable of applying the waves to the vehicle 2 in dif- 
ferent incoming directions. 

[0136] According to the foregoing description, the 
road antennas 4a, 4b employs the optical fiber radio sig- 
nal transmission system and directly converts the 25 
reception signals to the optical signals, dispensing with 
the frequency conversion. Alternatively, the road anten- 
nas 4a, 4b may take procedure such that the reception 
signals are down-converted to intermediate-frequency 
signals and then converted to the optical signals to be 30 
outputted to the optical fibers 5a, 5b. This procedure 
permits the use of a less costly, commonly used laser 
diode as the light source for the optical signal, thus con- 
tributing to cost reduction. 

[0137] If, in this case, the system is used wherein 35 
the base station 6 outputs a local oscillation signal to the 
road antennas 4a, 4b (see, for example, Japanese 
Unexamined Patent Publication No.6-141361 (1994)), 
the reception signals converted in the road antennas 
4a, 4b may substantially be matched in frequency. 40 

SIXTH EMBODIMENT (Sub-area) 

[0138] Rg.25 is a conceptual representation of an 
arrangement of the roadway communication system 45 
according to a sixth embodiment of the invention. In the 
sixth embodiment, like functional portions to those in 
Fig. 1 are represented by like reference characters, 
respectively 

[0139] Although the first to fifth embodiments use a so 
pair of road antennas 4a, 4b to define a single cell E for 
prevention of the wave blocking, the sixth embodiment 
is designed to obviate the wave blocking by installing a 
plurality of road antennas 71 in a cell E radiated with the 
waves of the same frequency. That is, the cell E is 55 
divided into plural sub-areas Es. 

[0140] More specifically, one base station 6 is con- 
nected with four road antennas 71a, 71b, 71c, 71 d via 



optical fibers 72a, 72b, 72c, 72d (hereinafter, collec- 
tively referred to as "optical fiber 72"). The road anten- 
nas 71a-71d each radiate the sub-areas ES with waves 
at the same frequency modulated by using the road traf- 
fic data of the same content. 

[0141] In a case, for example, where the vehicle is 
at position downstream of a midportion of the sub-area 
while a truck running in the next lane is at position diag- 
onally rearward of the vehicle, the waves may be 
blocked by the truck. However, when the vehicle in this 
positional relation with the truck enters the next sub- 
area Es, the waves are incident in a different direction or 
the vehicle receives incoming waves from front. There- 
fore, the vehicle mounted device 3 is allowed to receive 
the radiation to the next sub-area Es despite the truck 
running diagonally rearward of the vehicle. That is, the 
vehicle mounted device 3 is allowed to receive any of 
the radiations from the road antennas 71 during the 
passage through the four sub-areas Es. 
[0142] When the vehicle is crossing a boundary 
between the sub-areas Es, the waves of the same fre- 
quency are incident upon the vehicle from front and 
back. However, no particular trouble occurs because 
the vehicle mounted device takes advantage of the 
diversity reception, selectively processing the reception 
signal of the maximum reception level. Besides, the 
effect of multipath interference can be obviated by using 
the OFDM modulation technique which prevents the 
inter-symbol interference by providing the guard time. 
[0143] Fig.26 is a block diagram illustrating an elec- 
trical configuration of the base station 6. The base sta- 
tion 6 includes a transmission unit 81 having a 
modulation unit 82 in which a transmission signal con- 
taining the road traffic data is generated. The transmis- 
sion signal is applied to a transmission IF unit 83 and 
then to an electro-optical converter (E/O) 84 where it is 
combined with a carrier-generation reference signal for 
conversion to an optical signal. The resultant optical sig- 
nal is distributed by the optical fiber coupler 59 to be 
outputted to the up-cables 72a-72d. 
[0144] A reception unit 85 of the base station 6 
includes electro -optical converters (E/O) 86a, 86b, 86d, 
86d for converting optical signals to reception signals, 
the optical signals being sent from the road antennas 
71a-71d via the optical fibers 72a-72d, respectively. The 
reception signals are subjected to processings such as 
amplification in respective reception IF units 87a, 87b, 
87c, 87d. Subsequently, the reception signals are 
applied to respective detectors 88a, 88b, 88c, 88d for 
demodulation. Then, the resultant reception signals are 
supplied to a switch unit 89. The signals are also sup- 
plied to a level comparator 90 which compares the 
reception levels of the reception signals to determine 
which of the signals has the highest reception level. 
Then, the comparator provides control of the switch unit 
89 for passage of a reception signal of the maximum 
reception level. The reception signal through the switch 
unit 89 is decoded by a decoder 91. Thus is generated 
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a decoded signal corresponding to the vehicle data. 
[0145] In the configuration shown in the block dia- 
gram of Fig. 26, the plural signals are switched by the 
switch unit 89. However, the signals may be weighted 
with a predetermined weighting factor and then com- 5 
bined together. In this case, "the predetermined weight- 
ing factor" is determined based on the reception levels 
of the reception signals compared by the level compara- 
tor 90. 

[0146] In the block diagram 26, the signals detected 10 
by the detectors 88a-88d are switched by the switch unit 
89. An alternative configuration is possible wherein IF 
signals provided by the electro -optical converters (E/O) 
86a-86d are switched or combined together. Otherwise, 
decoded data from the decoder 91 may be switched or 15 
combined together. 

[0147] Fig.27 is a block diagram illustrating an elec- 
trical configuration of the road antenna 71, to which an 
antenna communication assembly 100 is mounted. The 
antenna communication assembly 1 00 includes a trans- 20 
mission unit 101 having an optic-electrical converter 
(O/E) 102 which converts an optical signal to a trans- 
mission signal and a carrier-generation reference sig- 
nal, the optical signal sent from the base station 6 via 
the optical fiber 72. An output from the optic-electrical 25 
converter (O/E) 1 02 is sent to a transmission IF unit 1 02 
via an unillustrated bandpass filter, so that the transmis- 
sion IF unit 103 receives the transmission signal alone. 
After amplified by the transmission IF unit 103, the 
transmission signal is supplied to a transmission mixer 30 
1 04. The output from the optic-electrical converter (O/E) 
102 is also supplied to a local oscillator 105 via an unil- 
lustrated Jowpass filter, so that the local oscillator 105 
receives the carrier-generation reference signal alone. 
The local oscillator 105 outputs a carrier based on the 35 
carrier signal thereby to supply the carrier to the trans- 
mission mixer 104. The transmission mixer 104, in turn, 
combines the transmission signal and the carrier 
together to generate a radio transmission signal. The 
radio transmission signal is supplied to a high-fre- 40 
quency amplifier 106 where it is subject to frequency 
up-amplification before supplied to the road antenna 71 
via a circulator 107. Thus, the resultant transmission 
waves are radiated from the road antenna 71 . 
[0148] The antenna communication assembly 100 45 
also includes a reception unit 108. The reception unit 
108 includes a high-frequency amplifier 109 for up- 
amplifying a reception signal which is received by the 
road antenna 71 and sent via the circulator 107. The 
amplified signal is supplied to a reception mixer 110 so 
where it is combined with the carrier from the local oscil- 
lator 105 for amplification. Subsequently, the resultant 
signal is applied to a reception IF unit 1 1 1 for frequency 
conversion. Then, the signal is converted to an optical 
signal by an electro-optical converter (E/O) 112 before 55 
outputted to the optical fiber 72. 

[0149] According to the sixth embodiment, the vehi- 
cle mounted device 3 is allowed to receive the radiation 
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in any of the sub-areas Es because the electromagnetic 
waves of the same frequency, which are OFDM modu- 
lated with the road traffic data of the same content, are 
divided for radiation to the plural sub-areas Es. This 
ensures the seamless communications between the 
vehicle mounted device 3 and the road antenna 71 in a 
single cell E. 

[0150] Because of a relatively small size of the sub- 
area Es, the road antenna 71 requires a small transmis- 
sion power. This reduces cost for the road antenna 71 . 

Claims 

1. A roadway communication system comprising a 
plurality of road transmission antennas, and a vehi- 
cle mounted device receiving electromagnetic 
waves radiated from the road transmission anten- 
nas, 

wherein the road transmission antennas are 
disposed at different places along a road and each 
radiate the same cell with the waves carried at the 
same frequency and containing the same content, 
and 

wherein the vehicle mounted device com- 
prises vehicle reception antennas having different 
directivities for receiving the waves radiated from 
the road transmission antennas, and diversity 
reception means for performing diversity reception 
using these vehicle reception antennas. 

2. The roadway communication system of Claim 1, 
wherein the vehicle mounted device further com- 
prises reception-level detection means for detecting 
a reception level of each directive wave received by 
the vehicle reception antenna, and 

wherein the diversity reception means per- 
forms the diversity reception based on the recep- 
tion level detected by the reception-level detection 
means. 

3. The roadway communication system of Claim 1, 
wherein the diversity reception means performs 
either of the following operations for the diversity 
reception: 

(a) an operation of switching or combining the 
signals which were received by the vehicle 
reception antennas and are to be decoded; and 

(b) an operation of switching or combining the 
codes which were received by the vehicle 
reception antennas and then decoded. 

4. The roadway communication system of Claim 1, 
wherein the vehicle reception antennas are an 
array antenna, whereas the vehicle mounted device 
further comprises reception-signal detection means 
for detecting a reception level or phase of the wave 
received by each of the vehicle reception antennas, 
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and 

wherein the diversity reception means per- 
forms the diversity reception using information on 
the reception level or phase detected by the recep- 
tion-signal detection means. 

5. The roadway communication system of Claim 1, 
further comprising a signal transmission unit for 
transmitting signals modulated with data of the 
same content to the road transmission antennas via 
a plurality of transmission lines, wherein an optical 
fiber radio signal transmission system is used as a 
transmission system for outputting the signals to 
the transmission lines. 

6. The roadway communication system of Claim 1 or 
5, wherein Orthogonal Frequency Division Multi- 
plex (OFDM) modulation technique in which a 
guard time is provided at each symbol is used as a 
data modulation technique. 

7. A roadway communication system comprising a 
vehicle mounted device, and a plurality of road 
reception antennas for receiving electromagnetic 
waves radiated from the vehicle mounted device, 

wherein the vehicle mounted device com- 
prises vehicle transmission antennas for multiple 
direction radiation of electromagnetic waves modu- 
lated with vehicle data, and 

wherein the plural road reception antennas 
are disposed at different places along a road as 
providing directivity to the same cell, and include 
diversity reception means for performing diversity 
reception based on the signals received by the road 
reception antennas. 

8. The roadway communication system of Claim 7, 
further comprising reception-level detection means 
for detecting reception levels of the plural road 
reception antennas, 

wherein the diversity reception means per- 
forms the diversity reception based on the recep- 
tion level detected by the reception -level detection 
means. 

9. The roadway communication system of Claim 7, 
wherein the diversity reception means performs 
either of the following operations for the diversity 
reception: 

(a) an operation of switching or combining the 
signals received by the road reception anten- 
nas; and 

(b) an operation of switching or combining the 
codes which were received by the road recep- 
tion antennas and then decoded. 

10. The roadway communication system of Claim 7, 



further comprising a signal reception unit for receiv- 
ing, via transmission lines, the signals received by 
the road reception antennas, 

wherein an optical fiber radio signal trans- 
s mission system is used as a transmission system 

for transmitting the signals through the transmission 
lines. 

11. The roadway communication system of Claim 7, 
10 wherein the vehicle mounted device uses Orthogo- 
nal Frequency Division Multiplex (OFDM) modula- 
tion technique, as a data modulation technique, in 
which a guard time is provided at each symbol. 

75 12. A roadway communication system comprising a 
plurality of road transmission antennas and a vehi- 
cle mounted device receiving electromagnetic 
waves radiated from the road transmission anten- 
nas, 

20 wherein the road transmission antennas are 

disposed at different places along a road and each 
radiate the same cell with the waves carried at the 
same frequency and containing the same content, 
wherein a position marker is disposed at or 

25 near the road for informing a position on the road at 
which reception levels of the waves radiated from 
the plural road transmission antennas are switched, 
and 

wherein the vehicle mounted device com- 
30 prises vehicle reception antennas having different 
directivities for receiving the waves radiated from 
the plural road transmission antennas, marker 
detection means for detecting an arrival of the vehi- 
cle at the position marker, and reception means 
35 performing any one of the following operations a-c 
in response to the marker detection means detect- 
ing the arrival of the vehicle at the position marker: 

(a) an operation of switching the directivities of 
40 the vehicle reception antennas using phase 

control, 

(b) an operation of switching or combining the 
signals received by the vehicle reception 
antennas, and 

45 (c) an operation of switching or combining the 

codes which were received by the vehicle 
reception antennas and then decoded. 

13. A roadway communication system comprising a 
so plurality of road transmission antennas, and a vehi- 
cle mounted device receiving electromagnetic 
waves radiated from the road transmission anten- 
nas, 

wherein the road transmission antennas 
55 each have a specific polarization characteristic and 
radiate the same cell with the waves carried at the 
same frequency and containing the same content, 
and 
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wherein the vehicle mounted device com- 
prises a plurality of vehicle reception antennas hav- 
ing different polarization for receiving the waves 
radiated from the road transmission antennas, and 
diversity reception means performing diversity 5 
reception using the vehicle reception antennas. 

14. The roadway communication system of Claim 13, 
wherein the vehicle mounted device further com- 
prises reception-level detection means for detecting 10 
reception levels of the waves received by the vehi- 
cle reception antennas on a polarization-character- 
istic basis, and 

wherein the diversity reception means per- 
forms the diversity reception based on the recep- is 
tion level detected by the reception -level detection 
means. 

15. The roadway communication system of Claim 13, 
wherein the diversity reception means performs 20 
either of the following operations for the diversity 
reception: 

(a) an operation of switching or combining the 
signals which were received by the vehicle 25 
reception antennas and are to be decoded; and 

(b) an operation of switching or combining the 
codes which were received by the vehicle 
reception antennas and then decoded. 

30 

16. The roadway communication system of Claim 13, 
wherein the vehicle reception antennas are a polar- 
ization array antenna whereas the vehicle mounted 
device further comprises reception -signal detection 
means for detecting a reception level or phase of 35 
the wave received by each of the vehicle reception 
antennas, and 

wherein the diversity reception means per- 
forms the diversity reception using information on 
the reception level or phase detected by the recep- 40 
tion-signal detection means. 

17. The roadway communication system of Claim 13, 
further comprising a signal transmission unit for 
transmitting signals modulated with data of the 45 
same content to the road transmission antennas via 

a plurality of transmission lines, wherein an optical 
fiber radio signal transmission system is used as a 
transmission system for outputting the signals to 
the plural transmission lines. so 

18. The roadway communication system of claim 13 or 
17, wherein Orthogonal Frequency Division Multi- 
plex (OFDM) technique in which a guard time is 
provided at each symbol is used as a data modula- 55 
tion technique. 

19. A roadway communication system comprising a 



vehicle mounted device, and a plurality of road 
reception antennas for receiving electromagnetic 
waves radiated from the vehicle mounted device, 

wherein the vehicle mounted device com- 
prises vehicle transmission antennas with different 
polarization characteristics for radiating electro- 
magnetic waves modulated with vehicle data, 

wherein the plural road reception antennas 
each have a specific polarization characteristic and 
are disposed to provide directivity to the same cell, 

wherein the road reception antennas each 
comprise diversity reception means for performing 
diversity reception based on the signals received by 
the road reception antennas. 

20. The roadway communication system of Claim 19, 
further comprising reception -level detection means 
for detecting reception levels of the plural road 
reception antennas on a polarization-characteristic 
basis, and 

wherein the diversity reception means per- 
forms the diversity reception based on the recep- 
tion level detected by the reception- level detection 
means. 

21. The roadway communication system of Claim 19, 
wherein the diversity reception means performs 
either of the following operations for diversity recep- 
tion: 

(a) an operation of switching or combining the 
signals received by the road reception anten- 
nas; and 

(b) an operation of switching or combining the 
codes which were received by the road recep- 
tion antennas and then decoded. 

22. The roadway communication system of Claim 19, 
further comprising a signal reception unit for receiv- 
ing, via transmission lines, the signals received by 
the road reception antennas, and 

wherein an optical fiber radio signal trans- 
mission system is used as a transmission system 
for outputting the signals to the transmission lines. 

23. The roadway communication system of Claim 19, 
wherein the vehicle mounted device uses Orthogo- 
nal Frequency Division Multiplex (OFDM) modula- 
tion technique, as a data modulation technique, in 
which a guard time is provided at each symbol. 

24. A roadway communication system comprising a 
plurality of road transmission antennas, and a vehi- 
cle mounted device receiving electromagnetic 
waves radiated from the road transmission anten- 
nas, 

wherein the road transmission antennas are 
disposed at different places along a road, each 
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antenna having a specific polarization characteris- 
tic and radiating the same cell with the waves car- 
ried at the same frequency and containing the 
same content, 

wherein a position marker is disposed at or 5 
near the road for informing a position on the road at 
which reception levels of the waves radiated from 
the road transmission antennas are switched, and 

wherein the vehicle mounted device com- 
prises vehicle reception antennas having different w 
polarization characteristics for receiving the waves 
radiated from the road transmission antennas, 
marker detection means for detecting an arrival of 
the vehicle at the position marker, and reception 
means for performing any one of the following oper- 75 
ations a-c in response to the marker detection 
means detecting the arrival of the vehicle at the 
position marker: 

(a) an operation of switching the polarization 20 
characteristics of the vehicle reception anten- 
nas using phase control; 

(b) an operation of switching or combining the 
signals received by the vehicle reception 
antennas; and 25 

(c) an operation of switching or combining the 
codes which were received by the vehicle 
reception antennas and then decoded. 

25. A roadway communication system comprising a 30 
plurality of road transmission antennas, and a vehi- 
cle mounted device receiving electromagnetic 
waves radiated from the road transmission anten- 
nas, 

wherein the road transmission antennas are 35 
disposed at different places along a road and each 
radiate the same cell with OFDM (Orthogonal Fre- 
quency Division Multiplex)-modulated wave con- 
taining the same content, 

wherein the vehicle mounted device com- 40 
prises a vehicle reception antenna for receiving the 
waves radiated from the road transmission anten- 
nas, and reception means for demodulating the 
waves received by the vehicle reception antenna. 

45 

26. The roadway communication system of Claim 25, 
further comprising a signal transmission unit for 
transmitting signals modulated with data of the 
same content through a plurality of transmission 
lines to the road transmission antennas, wherein an so 
optical fiber radio signal transmission system is 
used as a transmission system for outputting the 
signals to the transmission lines. 

27. The roadway communication system of Claim 25 or 55 
26, wherein Orthogonal Frequency Division Multi- 
plex (OFDM) modulation technique in which a 
guard time is provided at each symbol is used as a 



data modulation technique. 

28. A roadway communication system comprising a 
vehicle mounted device, and a plurality of road 
reception antennas receiving electromagnetic 
waves radiated from the vehicle mounted device, 

wherein the vehicle mounted device com- 
prises a vehicle transmission antenna for radiating 
waves which are OFDM (Orthogonal Frequency 
Division Multiplex)-modulated with vehicle data, 
and 

wherein the plural road reception antennas 
are disposed at different places along a road as 
providing directivity to the same cell and each 
include road reception means for performing 
demodulation using a signal received by the road 
reception antenna. 

29. The roadway communication system of Claim 28, 
wherein the road reception antenna uses an optical 
fiber radio signal transmission system for outputting 
the received signal to a transmission line to the 
road reception means. 

30. The roadway communication system of Claim 28, 
wherein the vehicle mounted device uses OFDM 
modulation technique, as a data modulation tech- 
nique, in which a guard time is provided at each 
symbol. 

31. The roadway communication system of any one of 
Claims 1 to 30, wherein the plural road transmis- 
sion antennas each define an individual one of plu- 
ral sub-areas which are constituting a single cell. 

32. The roadway communication system of any one of 
Claims 1 to 31, wherein communications are car- 
ried out over a plurality of continuous cells, using 
signals at the same frequency and of the same con- 
tent. 

33. The roadway communication system of any one of 
Claims 1 to 32, wherein the plural road transmis- 
sion/reception antennas are disposed near a cell 
boundary with respect to a longitudinal direction of 
the roach 
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